Introduction {#Sec1}
============

The implantation of fertilized eggs outside the uterine cavity is referred to as ectopic pregnancy, with a morbidity of about 2%^[@CR1]^. Tubal pregnancy is the most common type of ectopic pregnancy in women of childbearing age, accounting for about 95% of all cases^[@CR2]^. Some ectopic pregnancies resolve spontaneously. Because the fallopian tubes are not conducive to placental implantation and embryonic development, the risk of tubal pregnancy rupture and bleeding is enormous^[@CR3]^. The risk of ectopic pregnancy is increased in women with histories of ectopic pregnancy, infection, infertility, adnexal surgery, appendectomy, and the use of intrauterine devices^[@CR4]^.

Salpingitis, inflammation of the fallopian tubes, caused by pathogenic microorganisms is a major cause of tubal pregnancy^[@CR1]^. Previously, bacteria and *Neisseria gonorrhoeae* were considered the main pathogens in salpingitis^[@CR5]^. With the progress of medicine and the improvement of detection methods, *Chlamydia trachomatis* (CT) has been implicated as a leading cause of salpingitis, ectopic pregnancy, and infertility^[@CR6]^. *Ureaplasma urealyticum* (UU) and *Mycoplasma hominis* (MH) are often found alongside CT^[@CR7]^. However, the genital tract flora of sexually active healthy women often includes MH and UU^[@CR8]^. Therefore, it is not entirely clear whether UU and MH are also implicated in salpingitis or tubal pregnancy^[@CR9]^. Meanwhile, MH and UU are implicated in pelvic inflammatory disease, which is related to tubal pregnancy^[@CR10]^. In addition, both are also involved in adverse pregnancy outcomes^[@CR11]^. However, a study suggested that there are no associations of MH and UU serum antibodies with ectopic pregnancy^[@CR12]^.

Whether treatment for MH and UU is required remains controversial, but in some pregnant women, it might be important because co-infection with UU and MH could increase the odds of preterm delivery^[@CR13]^ and low birth weight infants^[@CR14]^. Antibiotic treatment for MH and UU involves drugs that interfere with protein synthesis and inhibit topoisomerases^[@CR8]^. However, previous studies have suggested that there is a high degree of antibiotic resistance in samples of MH and UU^[@CR8],[@CR10],[@CR15]^. Therefore, it is important to monitor drug resistance for isolated UU and MH samples to ensure that effective treatment is provided to resolve infection, where it is considered appropriate.

The aim of this study was to detect CT, UU, and MH in the cervical secretions of patients with tubal pregnancy and women in early pregnancy, exploring their prevalence rates, drug susceptibilities, and relationships with tubal pregnancy.

Results {#Sec2}
=======

Baseline characteristics {#Sec3}
------------------------

The baseline characteristics of the two groups are shown in Table [1](#Tab1){ref-type="table"}. There were 81 women included in the tubal pregnancy group and 102 in the control group. The mean age and gestational age were similar in both groups.Table 1Baseline characteristics of the two patient groups.Tubal pregnancy group n = 81Control group n = 102Age, years (mean ± SD)29 ± 2.630 ± 1.8Gestational age, weeks (mean ± SD)25.0 ± 2.826.0 ± 2.1**Parity history (n**, **%)**050 (61.7%)31 (30.4%)123 (28.4%)48 (47.1%)≥28 (9.9%)23 (22.5%)**History of abortion (n**, **%)**018 (22.2%)42 (41.2%)141 (50.6%)37 (36.3%)≥222 (27.2%)23 (22.5%)PID history (n, %)00PID = pelvic inflammatory disease.

CT, MH and UU infection rates {#Sec4}
-----------------------------

No CT infection cases were detected in any of the cervical samples. The rates of MH, UU, and MH + UU infections are shown in Table [2](#Tab2){ref-type="table"}. There were no significant differences between the two groups in terms of MH, UU, or MH + UU infection rates. However, when the overall mycoplasma infection rates were compared, the tubal pregnancy group showed a significantly higher value (66.7% vs. 49.0%, P = 0.017).Table 2Detection of chlamydia and mycoplasma in cervical secretions.Tubal pregnancy group n = 81Control group n = 102P valueCT00---MH only (n, %)6 (7.4%)2 (2.0%)0.141UU only (n, %)45 (55.6%)46 (45.1%)0.160MH + UU (n, %)3 (3.7%)2 (2.0%)0.656Total (n, %)54 (66.7%)50 (49.0%)0.017CT = *Chlamydia trachomatis;* UU = *Ureaplasma urealyticum;* MH = *Mycoplasma hominis*.

Antibiotic resistance of the mycoplasma samples {#Sec5}
-----------------------------------------------

The MH and UU samples were tested for resistance to 12 antibiotics, including tetracyclines (tetracycline, doxycycline, and minocycline), macrolides (josamycin, erythromycin, roxithromycin, azithromycin, and clarithromycin), and quinolones (levofloxacin, ciprofloxacin, ofloxacin, and sparfloxacin) as shown in Table [3](#Tab3){ref-type="table"}. The results showed that all MH samples were sensitive to the three tetracyclines tested, and the macrolides josamycin and azithromycin. However, of these drugs only josamycin was effective against all UU samples. The highest level of resistance was found to ciprofloxacin, with over 50% of all the samples tested being resistant to this drug.Table 3Drug susceptibility findings.Drug resistanceTubal pregnancy groupControl groupMH only (n = 6)UU only (n = 45)MH + UU (n = 3)MH only (n = 2)UU only (n = 46)MH + UU (n = 2)Tetracycline03 (6.7%)1 (33.3%)04 (8.7%)1 (50.0%)Doxycycline01 (2.2%)001 (2.2%)0Minocycline00001 (2.2%)0Josamycin000000Erythromycin1 (16.7%)5 (11.1%)1 (33.3%)04 (8.7%)1 (50.0%)Roxithromycin2 (33.3%)2 (4.4%)01 (50.0%)01 (50.0%)Azithromycin00001 (2.2%)0Clarithromycin2 (33.3%)01 (33.3%)001 (50.0%)Levofloxacin1 (16.7%)3 (6.7%)1 (33.3%)08 (17.4%)0Ciprofloxacin4 (66.7%)26 (57.8%)2 (66.7%)2 (100.0%)28 (60.9%)2 (100.0%)Ofloxacin04 (8.9%)1 (33.3%)1 (50.0%)8 (17.4%)1 (50.0%)Sparfloxacin018 (40.0%)3 (100.0%)1 (50.0%)22 (47.8%)2 (100.0%)UU = *Ureaplasma urealyticum;* MH = *Mycoplasma hominis*.

Discussion {#Sec6}
==========

The aim of this study was to detect CT, UU, and MH in the cervical secretions of patients with tubal pregnancy and compare their rates to those of control women in early pregnancy. These findings would provide insights into infection prevalence and drug susceptibilities of the involved infectious agents, and may help establish a potential relationship between infection and tubal pregnancy. As shown above, there were no cases of CT infection, and UU, MH, and MH + UU infection rates were similar in the tubal pregnancy and control groups. However, the total rate of UU and MH infection was higher in tubal pregnancy. All MH samples were sensitive to tetracyclines as well as josamycin and azithromycin. Josamycin and clarithromycin were effective against all UU cultures. Over 50% of all the samples tested were resistant to ciprofloxacin.

Many previous studies have shown a link between CT infection and tubal pregnancy^[@CR16]--[@CR18]^. However, few studies have investigated the roles of UU and MH. The above results showed no overt associations of UU and MH infection with tubal pregnancy as the infection rates were similar in both patient groups. This supports the conclusions of a previous study^[@CR12]^. However, when the total rates of UU and MH infections were compared, there was a significant difference between the two groups. This suggests that larger studies are needed to fully investigate whether UU and MH infections play a role in tubal pregnancy.

In this study, CT was not detected, but this might be due to the low sensitivity of the applied detection method. Cell culture is a more sensitive and specific method for the diagnosis of reproductive tract CT, but it has high requirements for laboratory equipment and operation and takes a long time to produce results; therefore, it is usually not used as a routine clinical examination and for epidemiological screening, but as a reference standard for other methods. The immunochromatographic method in this study employed a commercial kit that is simple to operate and easily generates immediate results, which is suitable for outpatient examination. Its specificity is 100%, for a sensitivity of 75--85% based on cell culture methods according to the manufacturer. Nucleic acid amplification diagnosis is available for routine clinical use for CT, UU and MH infection detection, and has higher sensitivity, but is more expensive and therefore cost-prohibitive in many clinics in China. In addition, the results are also not immediately available. As less expensive polymerase chain reaction (PCR) protocols for CT, MH, and UU detection have been developed, sensitivity in future studies might improve^[@CR19]^.

There is a global variation in the sensitivities of UU and MH samples to different antibiotics^[@CR10]^. The sensitivity and susceptibility of mycoplasma to antibiotics are also not static^[@CR20]^. A Serbian study found doxycycline to be the most effective drug^[@CR8]^ while a Chinese report suggested that josamycin, doxycycline, and minocycline are all effective^[@CR15]^. Meanwhile, a German study found clarithromycin and josamycin are the most potent macrolides, although doxycycline was considered the first-choice for the treatment of UU infections and may be used for co-infection with MH^[@CR20]^. In Greek women with clinical vaginitis, MH isolates were 100% susceptible to tetracycline and doxycycline, and tetracycline and doxycycline were also the most effective drugs for UU although some resistant cases were detected^[@CR21]^. This study showed similar results in that the susceptibilities of the various mycoplasma infections were different. All three tetracyclines and azithromycin were effective against all MH cultures, and clarithromycin was effective against UU; only josamycin was effective against both UU and MH. The discrepant results of these studies emphasize that it is important for drugs to be selected according to drug susceptibility test data, with rational treatment performed to improve the clinical efficacy and reduce the occurrence of drug resistance.

An important point has to be considered. *M*. *hominis* is intrinsically resistant to erythromycin and 14- and 15-membered macrolides because of a SNP conferring macrolide resistance in the 23S rRNA gene^[@CR22]--[@CR24]^. Surprisingly, in the present study, all *M*. *hominis* strains were sensitive to azithromycin and to some 14- and 15-membered macrolides. These results highlight the intrinsic uncertainty of drug susceptibility tests. Unfortunately, the strains were not available for retest or for other tests for all patients. A loss of mutation or novel mutations in 23S rRNA conferring sensitivity to erythromycin and azithromycin are possible^[@CR25]^. Sequencing should be performed in the future. Therefore, these results should not be used as treatment guide for clinicians and will require validation in the future.

This study had some limitations. The sample size was quite small, and a larger study in multiple centers might provide more convincing evidence of a difference in mycoplasma infection between the two groups. The retrospective nature of this study is another limitation; indeed, while we can provide data on infection prevalence, it is difficult to draw any conclusions on the roles of these infections in tubal pregnancy. The testing procedures for infection were not as sensitive as PCR based assays that are currently used in some clinics. This may be the reason for the lack of CT detection in this study. In addition, bacterial load was not precisely controlled in susceptibility tests, which may affect MIC readings. We would have tested for *Mycoplasma genitalium*, which has demonstrated association with tubal pregnancy. Finally, we did not assess the involvement of host parameters such as immune cell profiles and cytokine production, which deserves further attention.

Overall, no CT infection cases were detected in women with tubal pregnancy or normal early pregnancy. UU, MH, and UU + MH infection rates were similar in both groups, but the total rate of UU and MH infection was higher in women with tubal pregnancy. Therefore, further studies are required to establish the associations of UU and MH infections with tubal pregnancy. UU and MH samples showed some resistance to antibiotics, with the least effective treatment likely to be ciprofloxacin. However, josamycin was fully effective at preventing the growth of mycoplasma cultures in the present study.

Methods {#Sec7}
=======

Patients {#Sec8}
--------

A retrospective study was conducted. Patients admitted to the Gynecologic Outpatient Clinic and Gynecological Inpatient Department of Second Affiliated Hospital of Kunming Medical University from July 2013 to March 2014 were selected, and their cervical secretions were collected for mycoplasma culture and *Chlamydia trachomatis* detection.

This study was approved by the ethics committee of the above hospital, who waived the need for consent because of the retrospective nature of this study. All methods were performed in accordance with the relevant guidelines.

Patients were selected for inclusion in the tubal pregnancy group based on the following criteria: (1) tubal pregnancy, (2) admission to the Gynecological Inpatient Department during the study period, (3) investigation for CT and mycoplasma infections. The control group included individuals meeting the following criteria: (1) requiring termination of early pregnancy at \<12 weeks; (2) reason for termination not due to an abnormality with the pregnancy, or health risk to the patient or fetus; (3) investigation for CT and mycoplasma infection; (4) treatment during the study period in the Gynecologic Outpatient Clinic. Exclusion criteria for both groups were: (1) a history of tubal pregnancy; (2) use of any antibiotics in the previous two weeks or use of vaginal irrigation within three days.

B ultrasound was used as the diagnostic method for intrauterine pregnancy, and postoperative pathological examination was the diagnostic technique for ectopic pregnancy.

Data collection {#Sec9}
---------------

The baseline data of the patients were collected from the hospital database. This included the patient's age, gestational age, delivery time, history of abortion, history of pelvic inflammatory disease, and history of sexually transmitted diseases.

Collection of cervical specimens {#Sec10}
--------------------------------

Sterilized cotton swabs were inserted 2--4 cm into the cervical orifice for sampling cervical secretions. Two senior-technicians analyzed the samples on the same day, in a blinded manner.

Detection of UU and HM {#Sec11}
----------------------

Cervical samples were first grown in liquid cultures in an incubator at 35--37 °C. The samples were investigated for UU and MH with a UU/MH isolation and culture kit (Zhuhai Diel Bioengineering Co., Ltd, China). The media contained urea and arginine to allow the growth of UU and MH, respectively. In addition, the media changed color when urea and arginine were degraded into an alkaline substance because of the pH indicator phenolsulfonphthalein. After a 48-hour observation, yellow or orange-yellow color showed the sample was negative for UU or MH; clear transparent red indicated a positive result. A turbid red sample suggested contamination.

The kit also tested the resistance of UU and MH cultures to 12 antibiotics, including tetracycline, doxycycline, minocycline, josamycin, erythromycin, roxithromycin, azithromycin, clarithromycin, levofloxacin, ciprofloxacin, ofloxacin, and sparfloxacin. The highest drug concentration was in the upper row of wells and the lowest in the bottom row. A well-turning red indicated UU or MH growth; no color change suggested sensitivity to the drug. When only the lower row turned red, mycoplasma organisms were considered to be moderately sensitive; when both the upper and lower rows turned red, mycoplasma organisms were considered to be drug-resistant.

CT detection {#Sec12}
------------

An immunochromatographic assay was used to detect CT antigen with the chlamydia trachomatis test kit (Unipath Ltd., UK). A positive test was reflected by a line appearing in the specimen window.

Statistical analysis {#Sec13}
--------------------

Data are mean ± standard deviation (SD) or frequency and percentage and were analyzed with SPSS 22.0 (IBM Corp., NY, USA). Chi-squared or Fisher Exact tests were performed for between-group comparison, as appropriate. Two-sided P \< 0.05 was considered statistically significant.
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